Introduction
============

Infertility is a global problem and it has been estimated that in 2010, 1.9% of child-seeking women aged 20--44 were unable to have a first live birth within 5 years, and 10.5% of child-seeking women who had at least one birth were unable to have another child ([@r1]). It has been shown that a male factor is the only cause of infertility in approximately 20% of couples trying to conceive, and contributes to another 40% of infertility cases ([@r2]).

Male factor infertility is typically investigated by urologists who investigate, provide management options and counsel couples with infertility. The management options include treating identified male infertility factors or/and using assisted reproductive technologies (ARTs) such as intrauterine insemination (IUI) and in-vitro fertilization (IVF). The success rate of these technologies depends on various factors, including semen quality ([@r3]-[@r5]). Despite initial failure, many patients using these technologies often undergo repeated attempts, resulting in increased treatment burden and costs. Given that these treatments are expensive ([@r6]), it is important to use them judiciously. The male fertility specialist may have a role in counselling a patient on their chance of success with the use of reproductive technology, particularly in the context of multiple attempts, as well as potentially optimizing a patient's semen parameters.

To date, however, there is no data on the use of ARTs before male fertility factor evaluation, the clinical characteristics of these couples and the semen quality of these patients. Therefore, the objective of this study was to evaluate characteristics associated with use of ARTs prior to evaluation at a male fertility subspecialty clinic.

Methods
=======

After obtaining approval from the Research Ethics Board, we identified men presenting for an initial evaluation at a male fertility subspecialty clinic at a tertiary academic center between 1995 and 2017 using our prospectively collected database. Prior to consultation, patients completed a detailed questionnaire regarding demographics, medical history, partner information, and use of infertility treatments. All of the reported answers were confirmed by the interviewing physician.

From the database, we abstracted information on patient age, duration of infertility, coital frequency, year of consultation, partner age, medication use, cigarette smoking history, use of marijuana, and use of ARTs prior to evaluation. We also obtained data on the first semen analysis performed after consultation at our clinic. Specific semen parameters evaluated included volume, sperm count, sperm concentration, motility, morphology, and viability. Baseline characteristics were compared using absolute standardized differences ([@r7],[@r8]).

We performed logistic regression models evaluating whether patient or semen characteristics were associated with the use of ART prior to evaluation at a male fertility subspecialty clinic. Hosmer-Lemeshow goodness-of-fit tests were conducted to verify the appropriateness of each model. Variables included in the model were selected a priori and included patient and partner age, year of visit, duration of infertility, and semen analysis parameters.

In the primary analysis, patient and partner age, year of visit, duration of infertility were modeled as continuous terms while semen analysis parameters were modeled as categorical terms, based on the 2010 World Health Organization reference values ([@r9]).

We also conducted sensitivity analyses: (I) we modeled interval semen parameters (count, concentration, and motility) as continuous terms; (II) year of visit was modeled as a categorical term based on change in coverage under the universal health care system in Ontario, Canada, which occurred in December 2015 ([@r10]). Prior to this date, patients had to pay out of pocket for the use reproductive technology. However, we allowed for a 6-month transition prior to and after December 2015 as the change in coverage was expected, and to accommodate wait times for evaluation in our clinic.

All statistical analyses were performed using SAS (version 9.4; SAS Institute, Cary, NC, USA).

Results
=======

Cohort characteristics
----------------------

In the 22-year study period, we identified 8,962 men who presented to a male fertility specialty clinic at a tertiary academic center. Of these, 1,545 (17.2%) men reported the use of ARTs prior to evaluation in our clinic. Characteristics of these patients are shown in [*Table 1*](#t1){ref-type="table"}. Of these patients, 14.2% reported current use of cigarettes and 10.1% reported current use of marijuana. In the last 6 months prior to evaluation, 0.5% and 0.4% of patients that had tried ARTs reported the use of testosterone supplements and 5-alpha reductase inhibitors.

###### Characteristics of patients presenting to a male fertility specialty clinic

  Characteristic                                    No prior use of ART (n=7,417)   Prior use of ART (n=1,545)   Absolute standardized difference
  ------------------------------------------------- ------------------------------- ---------------------------- ----------------------------------
  Age \[years, median (IQR)\]                       36 \[32--41\]                   37 \[34--41\]                0.08
  Partner age \[years, median (IQR)\]               33 \[30--36\]                   34 \[32--37\]                0.28
  Ethnicity \[n (%)\]                                                                                            0.14
     African-Canadian                               376 (5.1)                       56 (3.6)                     
     Asian                                          1,008 (13.6)                    215 (13.9)                   
     Caucasian                                      3,143 (42.4)                    651 (42.1)                   
     Hispanic                                       156 (2.1)                       20 (1.3)                     
     Indo-Canadian                                  219 (3.0)                       57 (3.7)                     
     Middle Eastern                                 364 (4.9)                       109 (7.1)                    
     Native-Canadian                                64 (0.9)                        9 (0.6)                      
     Unspecified                                    2,087 (28.1)                    428 (27.7)                   
  Visit year \[n (%)\]                                                                                           0.09
     1995--1999                                     31 (0.4)                        3 (0.2)                      
     2000--2004                                     419 (5.6)                       111 (7.2)                    
     2005--2009                                     1,503 (20.3)                    280 (18.1)                   
     2010--2017                                     5,464 (73.7)                    1,151 (74.5)                 
  Duration of infertility \[years, median (IQR)\]   2.0 (1.0--4.0)                  2.1 (1.5--5.0)               0.02
  Coital frequency per month \[median (IQR)\]       8 \[4--10\]                     6 \[4--10\]                  0.26
  Current use of (n=8,643) \[n (%)\]                                                                             
     Cigarettes                                     1,364 (19.1)                    213 (14.2)                   0.14
     Marijuana                                      942 (13.2)                      152 (10.1)                   0.1
  Medication use in the last 6 months                                                                            
     Testosterone                                   109 (1.5)                       8 (0.5)                      0.1
     5-alpha reductase inhibitor                    35 (0.5)                        6 (0.4)                      0.01

ART, artificial reproductive technology; IQR, interquartile range.

Of the patients reporting the use of reproductive technology prior to evaluation, 998 and 289 had tried IUI and IVF, respectively, while 258 had tried both IUI and IVF. More than one attempt was reported in 470 (37.2%) and 154 (28.2%) of men with prior IUI and IVF, respectively. In patients with prior IUI, the number of reported cycles was 1 in 62.6%, 2 in 21.7%, 3 in 9.1%, 4 in 4.0%, 5 in 1.7%, 6 in 0.6% and 8 in 0.5%. In patients with prior IVF, the number of reported cycles was 1 in 71.8%, 2 in 16.4%, 3 in 7.3%, 4 in 3.1%, 5 in 0.6%, 6 in 0.4%, and 7 in 0.4%.

In men with prior use of ARTs, semen analysis demonstrated that 12.3% had volume \<1.5 mL, 39.0% had concentration \<15 million/mL, 42.0% had count \<39 million, 86.3% had motility \<40%, 87.4% had progressive motility \<32%, 17.4% had normal forms \<4%, and 20.7% had viability \<58% ([*Table 2*](#t2){ref-type="table"}).

###### Semen analysis parameters of patients presenting to a male fertility specialty clinic

  Parameter                        No prior use of ART (n=7,417)   Prior use of ART (n=1,545)   Absolute standardized difference
  -------------------------------- ------------------------------- ---------------------------- ----------------------------------
  Volume (n=5,543)                                                                              
     mL \[median (IQR)\]           2.5 (1.5--3.5)                  2.5 (1.8--3.5)               0.07
     \<1.5 mL \[n (%)\]            857 (18.8)                      121 (12.3)                   0.18
  Concentration (n=5,483)                                                                       
     Million/mL \[median (IQR)\]   6.8 (0.01--32.6)                23.3 (7.9--52.0)             0.28
     \<15 million/mL \[n (%)\]     2,783 (61.8)                    382 (39.0)                   0.47
  Count (n=5,483)                                                                               
     Million \[median (IQR)\]      15.2 (0.04--77.8)               57.4 (16.8--136.5)           0.29
     \<39 million/mL \[n (%)\]     2,830 (62.8)                    411 (42.0)                   0.43
  Motility (n=4,267)                                                                            
     % \[median (IQR)\]            23.4 (12.9--33.2)               23.6 (14.4--32.8)            0.04
     \<40% \[n (%)\]               2,857 (85.7)                    807 (86.3)                   0.02
  Progressive motility (n=2,507)                                                                
     % \[median (IQR)\]            16 \[9--24\]                    23 \[9--23\]                 0.04
     \<32% \[n (%)\]               1,646 (86.0)                    518 (87.4)                   0.04
  Normal forms (n=3,894)                                                                        
     % \[median (IQR)\]            10 \[5--20\]                    10 \[5--20\]                 0.05
     \<4% \[n (%)\]                574 (19.1)                      155 (17.4)                   0.05
  Viability (n=3,596)                                                                           
     % \[median (IQR)\]            70 \[55--80\]                   70 \[60--80\]                0.11
     \<52% \[n (%)\]               702 (25.4)                      172 (20.7)                   0.11

ART, artificial reproductive technology; IQR, interquartile range.

Predicting use of prior reproductive technology
-----------------------------------------------

Younger male age \[adjusted odds ratio (aOR) 0.97 for each 1 year increase in age; 95% confidence interval (CI), 0.95 to 0.99\], older female partner age (aOR 1.07 for each 1 year increase in age; 95% CI, 1.04 to 1.10), and year of visit (aOR 1.05 for each 1 year increase; 95% CI, 1.01 to 1.09) were significantly associated with prior use of IUI ([*Table 3*](#t3){ref-type="table"}).

###### Multivariable model predicting use of prior intrauterine insemination in men presenting to a male fertility specialty clinic

  Predictor                                         Odds ratio (95% confidence interval)
  ------------------------------------------------- --------------------------------------
  Patient age (for each 1 year increase)            0.97 (0.95 to 0.99)
  Partner age (for each 1 year increase)            1.07 (1.04 to 1.10)
  Year of consultation (for each 1 year increase)   1.05 (1.01 to 1.09)
  Infertility duration (for each 1 year increase)   1.00 (1.00 to 1.00)
  Volume, mL                                        
     \<1.5                                          Reference
     ≥1.5                                           1.21 (0.87 to 1.69)
  Sperm concentration, million/mL                   
     \<15                                           Reference
     ≥15                                            1.33 (0.97 to 1.84)
  Sperm count, million                              
     \<39                                           Reference
     ≥39                                            0.88 (0.64 to 1.21)
  Total motility                                    
     \<40%                                          Reference
     ≥40%                                           0.79 (0.44 to 1.42)
  Progressive motility                              
     \<32%                                          Reference
     ≥32%                                           1.29 (0.66 to 2.51)
  Normal forms                                      
     \<4%                                           Reference
     ≥4%                                            0.83 (0.61 to 1.12)
  Viability                                         
     \<58%                                          Reference
     ≥58%                                           1.22 (0.92 to 1.62)

Older female partner age (aOR 1.07 for each 1 year increase in age; 95% CI, 1.02 to 1.12) was significantly associated with prior use of IVF, but not male age or year of visit ([*Table 4*](#t4){ref-type="table"}).

###### Multivariable model predicting use of prior in-vitro fertilization in men presenting to a male fertility specialty clinic

  Predictor                                         Odds ratio (95% confidence interval)
  ------------------------------------------------- --------------------------------------
  Patient age (for each 1 year increase)            1.00 (0.96 to 1.03)
  Partner age (for each 1 year increase)            1.07 (1.02 to 1.12)
  Year of consultation (for each 1 year increase)   1.03 (0.96 to 1.11)
  Infertility duration (for each 1 year increase)   1.00 (1.00 to 1.00)
  Volume, mL                                        
     \<1.5                                          Reference
     ≥1.5                                           1.67 (0.94 to 2.98)
  Sperm concentration, million/mL                   
     \<15                                           Reference
     ≥15                                            1.41 (0.82 to 2.42)
  Sperm count, million                              
     \<39                                           Reference
     ≥39                                            0.82 (0.48 to 1.40)
  Total motility                                    
     \<40%                                          Reference
     ≥40%                                           0.80 (0.27 to 2.36)
  Progressive motility                              
     \<32%                                          Reference
     ≥32%                                           0.93 (0.27 to 3.25)
  Normal forms                                      
     \<4%                                           Reference
     ≥4%                                            0.83 (0.52 to 1.33)
  Viability                                         
     \<58%                                          Reference
     ≥58%                                           0.66 (0.44 to 1.00)

None of the semen analysis parameters, nor duration of infertility were associated with prior IUI or IVF.

Sensitivity analyses
--------------------

When interval semen analyses parameters were modeled as continuous variables, similar to our primary analyses with these variables categorized, none were associated with prior use of IUI or IVF (data not shown).

Dichotomizing year of visit based on the timing of public-funding for ARTs treatments also did not demonstrate an association with prior IUI or IVF (data not shown).

Discussion
==========

To the best of our knowledge, this is first study to characterize patients using ARTs prior to evaluation with a male fertility specialist. Given the increasing use of ARTs, these findings help us understand the potential role of a male fertility specialist in counseling infertile men.

A review by Ombelet *et al.* evaluated sperm criteria associated with IUI success ([@r3]). In the 55 studies included in their review, the most common sperm parameters examined were the inseminating motile count, morphology, total motile sperm count in the native sperm sample, and total motility in the native sperm sample. Although different thresholds for these parameters have been described, they have been all associated with IUI success ([@r3]). Similarly, sperm motility and morphology have also been associated with success of IVF ([@r4],[@r5]). Given these data, optimizing semen quality is desirable prior to attempting the use of reproductive technology.

We found that some patients with prior use of ARTs had reversible lifestyle factors associated with sperm quality, such as smoking cigarettes or marijuana. In a cohort study by Kunzle *et al.*, semen analysis data was compared between 655 smokers and 1,131 non-smokers; sperm concentration, count, total motile sperm, and morphology were found to be significantly reduced in those with a reported history of cigarette smoking ([@r11]). Another study of 1,215 healthy men found that 45% had smoked marijuana in the 3 months prior, and those that smoked more than once per week had significantly reduced sperm concentration and total sperm count compared to those that reported no use. Interestingly, there were no significant differences in semen parameters between those that smoked marijuana less than once per week compared to those that reported no use ([@r12]). In our study, we found that cigarette smoking and marijuana use were not uncommon among men with use of ARTs prior to evaluation with a male fertility specialist. Furthermore, we found that some patients with prior use of ARTs reported the use of testosterone and 5-alpha reductase inhibitors, both of which have been shown to be associated with adverse semen parameters ([@r13],[@r14]). These findings highlight the potential role of a male fertility specialist to appropriately counsel patients on reversible factors to improve semen quality, and thereby potentially improve outcomes when using ARTs. Although such counselling can also be provided by health care providers other than male fertility specialists, the relatively similar proportions of patients with these reversible factors in patients with and without prior use of reproductive technology suggest that any such counselling that may have been provided by other health care providers may not have been very effective. Certainly, further research is needed to understand how male fertility specialists and other health care providers can effectively counsel infertile men to modify reversible factors to improve semen quality.

Our study found that the majority of patients were referred to a male fertility specialist after 1 attempt of IUI and/or IVF. However, several patients were referred after 4 or more attempts. This is an important consideration as studies have shown limited value of many repeated attempts. A prospective cohort study of couples recruited from 8 reproductive endocrinology clinics found that couples using up to 3 cycles of IUI or 2 cycles IVF were more likely to achieve pregnancy; however, further attempts were not associated with increased likelihood of pregnancy, suggesting that there is a marginal benefit obtained with many repeated attempts ([@r15]). Another study used data from UK Human Fertilisation and Embryology Authority and found that the cumulative likelihood of success increased modestly after 3 attempts, and minimally after 6 attempts of IVF ([@r16]). The male fertility specialist can therefore provide patients with information on the value of repeated attempts to moderate patient expectations and potentially reduce expenses.

When determining which factors were associated with prior use of ARTs, we found that older female partner age was significantly associated with both prior use of IUI and IVF. In our Canadian publicly funded health-care system, this finding is not surprising given the delay that patients can experience in waiting for a consultation appointment with a male fertility specialist. Whether this finding applies in areas that include privately funded healthcare options remains unknown. Although patients with prior use of reproductive technology were more likely to have normal semen concentration, count, and viability, none of these semen parameters were associated with prior use of reproductive technology after accounting for partner age, suggesting that partner age is the strongest driving factor. Finally, we did not see an association between the time period related to public-funding of reproductive technology and its prior use before evaluation by a male fertility specialist. It would not be unexpected that more patients would seek evaluation prior to attempting use of reproductive technology to optimize their single funded cycle. In a post-hoc analysis, 14.5% of patients reported use of prior reproductive technology after public funding, reduced compared to 17.6% in the period prior. This difference was not statistically significant in the multivariable model, but may become more pronounced with time.

Some limitations of our study merit emphasis. Our study relied on semen analysis parameters obtained after consultation at our male fertility specialty clinic and we could not obtain information about the patient's semen analysis parameters prior to the use of reproductive technology. However, it is expected that the semen analysis parameters obtained after consultation are reflective of the patient's prior semen quality. Furthermore, we were unable to identify the proportion of men succeeding with reproductive technology, without consultation by a male fertility specialist. Identifying such patients may help triage patients that will benefit most from consultation with a male fertility specialist. Despite these limitations, our study is the first to characterize patients using ARTs before consultation with a male fertility specialist and helps us understand the potential role of the male fertility specialist in evaluating and counseling these patients.

Conclusions
===========

While urologists have a significant role in the investigation, management and counseling of couples with infertility, the prior use of ARTs is common among men presenting for an initial evaluation at a male infertility specialty clinic. Older female partner age was associated with higher use of ARTs prior to evaluation. As women become older, their reproductive potential declines (the so called "biological clock") and our study suggests that the fertility centers or/and the couples are more likely to proceed with ARTs if they are faced with this "biological clock". The male fertility specialist may have a role in counselling patients on their likelihood of success with reproductive technology and may provide recommendations to potentially increase the patient's chance of success, reduce financial burden and optimize resource utilization in our healthcare system.
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